Introduction
Pesticides are a wide range of chemical products including insecticides, rodenticides and fungicides. Some also include herbicides or weed-killers in this definition but, for the purposes of this paper, the distinction has been maintained.
Pesticides and weed-killers for amateur users are widely available through supermarkets, garden centres and Do-ItYourself stores to treat a number of common problems including head lice, pet fleas, insects (in the home and in the garden) and weeds affecting all parts of the garden (paths, lawns and flower beds) (Grey et al., 2005) . Although nonchemical alternative methods of control exist, these chemical products provide an easy and effective solution (Grieshop et al., 1992) . Evidence of their success is that over 90% of households in the USA and UK use them (Savage et al., 1981; Grieshop and Stiles, 1989; Davis et al., 1992; Grieshop et al., 1992; Adgate et al., 2000; Grey, 2003) . More recent or larger surveys may suggest this figure is declining in the USA to about 75% (Whitmore et al., 1992; Donaldson et al., 2002; Berkowitz et al., 2003) . In contrast weed-killer usage may be increasing from 17% (Whitmore et al., 1992) to about 30% of households (Feagan and Ripmeester, 1999; Donaldson et al., 2002; Grey, 2003) .
Most individuals would appear to be exposed to pesticides from one source or another according to a number of studies in the USA with metabolites or residues detectable in urine (93-99% of samples), in household dust (62-87%) or from air monitoring of the home environment (91-100%) (Adgate et al., 2001; Lu et al., 2001; Whyatt et al., 2002; Sexton et al., 2003; Colt et al., 2004) . These exposures, potentially representing a cocktail of pesticide-active ingredients and inert chemicals, may act together in synergistic ways (Porter et al., 1999) so that even low doses may be of greater concern.
Children may also be at particular risk due to their immature metabolisms, their expected life spans, their short stature where concentrations of air-borne pollutants may be higher than those at adult heights, their higher consumption of food and water relative to body size, due to their playing on carpets and lawns where residues may accumulate (this may be exacerbated by the slower degradation of pesticides within the home environment) and through unique behaviour such as pica and hand-to-mouth actions (Fenske et al., 1990; Plunkett et al., 1992; Bearer, 1995; Chance and Harmsen, 1998; Faustman et al., 2000) . Pesticides have been implicated in birth defects (Weidner et al., 1998; Heeren et al., 2003) , cancers (Cordier et al., 1994; Leiss and Savitz, 1995; Pogoda and Preston-Martin, 1997 ; Infante-Rivard et al., 1999; Buckley et al., 2000; Meinert et al., 2000; Daniels et al., 2001; Ma et al., 2002) and neuro-developmental problems (Guillette et al., 1998) . These studies used self-reported residential use, occupation or place of residence to assess exposure. Despite the limitations of these methods, most notably exposure misclassification and the lack of accurate exposure levels, none of the studies used more objective methods. This reflected the need to evaluate historical exposures which is rarely feasible with biological measures in such studies. The role of confounding is important in epidemiological studies and all except one of the cited studies adjusted, either directly or through the matching of cases and controls, for child factors F such as age, gender and parity F and family/parental factors including ethnicity, income, maternal age, education and professional status/social class and smoking.
Yet, little is known about the users of such products and consequently which groups may be at greater risk through greater usage and how this might relate to socio-demographic confounding variables. One pioneering study in the UK has suggested that those of higher socio-economic status are weakly associated with higher use (Grey, 2003) while inconsistent results have been reported in the USA. Three studies reported no consistent trends in pesticide use or exposure with age, income, ethnicity, education and housing type (Adgate et al., 2000 (Adgate et al., , 2001 Lu et al., 2001; Berkowitz et al., 2003) while another suggested differences between ethnic minority groups and higher use in poorer quality housing (Whyatt et al., 2002) .
For weed-killer use, the best available evidence relates primarily to the garden or lawn where the data are complicated by issues of personal compared to lawn-care company use and chemical, which may include fertilizers or insecticides, compared to herbicide use. Nevertheless, studies have suggested higher use by males (Grieshop et al., 1992) or have reported positive correlations with income, education and house value (Robbins et al., 2001; Robbins and Sharp, 2003) .
However, all of the studies examining demographic differences were small with sample sizes ranging from 71 to 594. In addition, most of these studies were based within the USA. This paper examines the effect of a range of sociodemographic factors on usage over a 4-year period from a large population-based UK longitudinal study.
Methods

Data
The Avon Longitudinal Study of Parents and Children (ALSPAC) has been collecting data on families since 1991. A total of 14,541 expectant mothers in the Bristol area were originally recruited into this study. The study area comprises a mixture of rural areas, inner city deprivation, suburbs and moderate-sized towns as well as the city of Bristol. The cohort is broadly similar to the UK in terms of a range of demographics. Data have been collected at regular intervals from a variety of sources and in particular from selfcompleted questionnaires. Further details about this study can be found on its web site (http://www.alspac.bris.ac.uk) or in the main methodological paper on the cohort (Golding et al., 2001) .
Data on pesticide and weed-killer use were collected at 8 weeks gestation and at 8, 21, 33 and 47 months after the birth from questionnaires completed by the mother. Sociodemographic variables, reflecting the highest educational qualification, social class and smoking consumption of both the mother and her partner, age of the mother at the time of the delivery of the study child, current partner status (absence/presence), family income, financial difficulties, ethnicity and housing status, were included in the analyses. Social class was derived using the OPCS classification of occupations (OPCS, 1991) . These variables were recoded to reflect manual and non-manual classes. The financial difficulties score was derived from five questions about affording the cost of food, clothes, heating, housing and things for the baby. Ethnicity for the family was derived from the mother's and father's ethnic background. Owing to the limited number of ethnic minorities in the study, it was not possible to investigate specific ethnic groups.
Pesticide and weed-killer questions asked about the frequency of usage in the last few months; although at 47 m, mothers were asked about their usage in the last year. Mothers reported usage from ''not at all'' to ''everyday''. Most reported users described their usage as ''less than once a week'' with more frequent categories only being reported in 3% and o1% of observations for pesticide and weed-killer use, respectively. In practice, the data reflected a dichotomous outcome of reported use/non-use.
Statistical Methods
The availability of data across time lends itself to longitudinal analyses. A facet of the data is a varying number of observations for each family. It is to be expected that these observations are likely to be more similar than those for other families. Random effect models take account of this and compensate for the underestimation of standard errors that clustering creates in more traditional analyses.
These techniques can also adjust for the potential bias from missing data due to dropouts by utilising information when these families were participating. It is not necessary for families to provide valid data at all the five time points. This is particularly important for the multivariable analyses described below since they use less data than univariable analyses. However also, by adjusting for factors that are typically associated with dropouts, they will tend to correct for the lower proportions of socially disadvantaged groups within later questionnaires.
Characteristics of families using pesticides Steer and Grey Logistic regression was used to analyse the dichotomous outcomes. A questionnaire factor was included in all analyses to adjust for trends in usage and the change in the question at 47 m. All analyses were also adjusted for seasonal effects associated with the completion of the questionnaires.
The role of age of the mother could operate in two different ways. It could reflect a trend in usage as the mothers get older or a cohort effect, that is, the groups of mothers born at particular times may behave differently by comparison with other groups even at equivalent ages, where nonlinear trends could be more feasible. With data only covering 4 years it is not practical to tease out these two separate components. So although the data used in these analyses assumed a cohort effect, by utilising age of mother at the birth of the ALSPAC child, the true age effect, if included, would have been highly correlated.
Adjusted univariable and multivariable analyses were performed. In the case of partner variables, analyses were additionally adjusted for the partner status factor. Multivariable analyses were performed to take account of the correlation between factors and to identify independent effects. A full model included all significant factors at 5% level from univariable analyses while a reduced model reflected those factors which remained after the elimination of non-significant factors from the full model. This latter analysis allowed a larger sample to be utilised.
Sample attrition was explored more formally by repeating the univariable models but now including a factor reflecting whether each case was present in the reduced multivariable model or not. So if 50,000 and 40,000 observations were valid for univariable and multivariable analyses respectively, the factor would contain 40,000 observations set to one and the remaining 10,000 observations set to zero. A significant main effect for this factor or its interaction with the explanatory variable may indicate bias with the reduced sample.
Where the mother had no partner, reference level data F manual social class, minimal education and non-smoker F were substituted for the missing data associated with the partner variables. This is not to assume that the absence of a partner is equivalent to a partner with these characteristics. The partner factor will correct for any deviation from these reference levels. Naturally though, if the partner factor is not significant, such an inference might be concluded.
Results
Description of the Data
Frequencies of the data used in these analyses are given in Table 1 . A total of 13,391 mothers (92% of cohort) provided pesticide or weed-killer data at some point in time with 7770 (53% of cohort) providing information for all five times. Overall there were 53,399 observations available for analysis.
Reported pesticide and weed-killer use varied from 21% to 28% and 7% to 20%, respectively, over the 4-year period. Only 242 families (2% of the sample) reported using these products at each of the five time points with 42% consistently reporting no usage. The remainder of families (56%) were associated with a combination of use, no use or missing responses.
Change of Partner
In all, 12,221 (91% of sample) mothers did not change their partner status during the 4 year period. 774 (5.8%) changed status once leaving 396 (3.0%) mothers who reported changing status more than once. This latter group was of concern since it may have involved different partners and the potential to use incorrect data where data on the partner used in the analyses related to a different time period. In all, 536 (1.0%) observations (relating to ''yes'' partner status, 2nd or subsequent change in status for the 396 mothers) plus another 154 (0.3%) observations due to missing partner status were excluded from univariable partner and multivariable analyses.
Consistency checks between partner status and partner data led to partner status being changed from missing to ''yes'' for 131 (0.2%) observations. ''No partner'' status took precedence over partner data on the assumption that mothers had responded describing their last partner.
Univariable Analyses
All factors except ethnicity for weed-killer use were strongly associated with usage (see Tables 2 and 3 ). The effects reflected families of higher socio-economic status having the greater usage. Other effects F older mothers, nonsmokers and Caucasians F might be expected to correlate with higher socio-economic status.
Pesticide usage F Multivariable Analyses
Financial difficulties, smoking, maternal social class and the absence of a partner were not independently related to usage (Table 2) . Income showed weak effects in the multivariable models (full: P ¼ 0.15, reduced: P ¼ 0.11 when forced into model). Some evidence for an effect was obtained by fitting a linear trend for the income categories (OR ¼ 1.04 per income category increment, 95% CI 1.00, 1.09, P ¼ 0.05).
The strongest effect was noted for mothers aged 35 years or over (OR ¼ 1.90, 95% CI 1.43, 2.54) with more modest effects (OR ¼ 1.3-1.5) observed for homeowners, those educated to degree level (mothers and partners) and Caucasians. Partners with non-manual social class had a weaker effect (OR ¼ 1.1-to 1.2).
Families in rented and other accommodation had similar usage (w 2 ¼ 3.58 with 2df, P ¼ 0.17). 
Weed-Killer Usage F Multivariable Analyses
Financial difficulties, ethnicity, smoking, maternal social class and the absence of a partner were not independently related to usage (Table 3) .
The difference in full and reduced models was not so much to change the ORs but to increase the statistical significance. The exception to this was the age of the mother at birth of the ALSPAC child. The effect of increasing the data in the reduced model was to decrease the effect size and the statistical significance. It was difficult to interpret this effect due to the wide confidence intervals. To illustrate the range of ORs consistent with this result, a linear trend was fitted instead of this factor. The estimated OR for the 35 þ age group was 1.36 (95% CI 1.07, 1.74) from the linear trend compared to 1.03 (95% CI 0.65, 1.63) with age as a factor despite the linear trend being an adequate fit (w 2 ¼ 5.63 with 3df, P ¼ 0.13).
The largest effect was observed for those in rented accommodation (OR ¼ 0.45, 95% CI 0.35, 0.57) compared to homeowners F private renting having the same OR as subsidised. As for pesticide use, there was little evidence to suggest differences between non-homeowning groups (w 2 ¼ 2.00 with 2df, P ¼ 0.37). Further analyses were performed to investigate whether these effects were confounded with the presence of a garden. Weed-killer use reduced for shared gardens (OR ¼ 0.49, 95% CI 0.37, 0.65) and no garden (OR ¼ 0.20, 95% CI 0.13, 0.31) compared to families with sole use of a garden. Despite being highly significant (w 2 ¼ 72.38 with 2df, Po0.001), the effect on most socio-demographic variables was minimal. However for housing tenure, the ORs changed by about 20% to 0.53, 0.56 and 0.66 for private rented, subsidised rented and other housing groups, respectively. However, this did not change the interpretation of the results.
Moderate effects were observed for income and education (OR ¼ 1.3-1.5 for highest achievement groups) with small effects noted for the oldest mothers and non-manual partner social class (OR ¼ 1.1-1.2).
Relative Importance of Maternal and Partner Factors
In an attempt to assess the role of these two sets of factors, predicted cumulative ORs were calculated from the reduced Data during pregnancy were obtained from a 32 weeks gestation questionnaire. c Age of the mother at the birth of the ALSPAC child was obtained from hospital records. CSEs and O levels were written examinations usually taken at age 16 years depending on ability. e A levels are written examinations usually taken at age 18 years. f Data during pregnancy were obtained from an 18 weeks gestation questionnaire. Numbers in italics refer to data not available on the specified questionnaire. Data were obtained from the nearest available questionnaire. Percentages for each factor are calculated for valid data only and are not based upon the maximum number of observations. In the analyses, partner factors will include additional observations set to reference categories where the mother had no partner (see Statistical methods). Characteristics of families using pesticides Steer and Grey multivariable models. These were calculated for the subgroup of mothers or partners with the largest observed effect on reported usage. Such estimates not only reflect the maximum potential effect on usage but also may indicate the relative importance in families with other characteristics due to the correlation between maternal and partner factors.
So for instance, mothers aged 35 years or over with a degree would be predicted to have an OR ¼ 2.60 (1.90 times 1.36) (95% CI 1.88, 3.58) for pesticide use, while for partners, those with non-manual social class and a degree were expected to have an OR ¼ 1.50 (1.30 times 1.15) (95% CI 1.31, 1.72). The equivalent cumulative ORs for weed-killer use showed maternal factors had a maximum effect of OR ¼ 1.68 (95% CI 1.03, 2.75) with OR ¼ 1.59 (95% CI 0.95, 2.63) for partner factors. These results suggest that maternal factors play a more dominant role for pesticide use (w 2 ¼ 7.91 with 1df, P ¼ 0.005) while for weed-killer use the effects were much more equal (w 2 ¼ 0.10 with 1df, P ¼ 0.75). (Using a linear maternal age effect for weed-killer use, increased the difference between the two set of factors but did not change the conclusion (w 2 ¼ 2.14 with 1df, P ¼ 0.14).)
Seasonality
Large differences in reported usage were observed depending on the month of completion. As expected, reported usage was higher in the summer months than the winter months (pesticides OR ¼ 4. 
Sample Attrition
Comparisons of observations applicable to the reduced multivariable models and other available observations for each explanatory variable (results not shown) suggested that the pattern of usage were similar in the two sets of data. Only housing for weed-killer use provided weak evidence of any difference (P ¼ 0.04) with the effect for those in subsidised rented housing being underestimated while for other housing groups the effects reported in the reduced model may be overestimated. However, given the number of comparisons being made, this weak result may just be a chance event. The main differences between the two sets of data related to the general reporting of usage which was lower in those excluded from the multivariable analyses (OR ¼ 0.7-0.8 typically). The consequence of this is not straightforward but in practice the effects on ORs for explanatory variables appeared to be small. This is reinforced to a large extent by full and reduced multivariable model comparisons which showed similar effects except for age of mother (both pesticide and weedkiller usage) despite the number of observations increasing by 47% and 16%. Characteristics of families using pesticides Steer and Grey
Use of Random Effect Models
Age of mother in the reduced model for weed-killer use had a weak effect overall with no individual OR being statistically significant. It was found that the parameter estimates for this factor were highly correlated within themselves rather than the usual multicollinearity problem which would involve correlation with other factors. It may be that small or modest effects are susceptible to this problem where data are only available at limited times and assumptions are made about the data for other times. Use of linear effects with only 1df will obviously overcome such problems but will make assumptions about the dose-response relationship.
Analyses were repeated using standard logistic regression techniques. Differences in estimated ORs were modest being typically under 10%. Perhaps this set of socio-demographic factors explained most of the systematic intercluster (family) variation. Nevertheless, intercluster variability was still large with this set of demographic factors only explaining about 20% of the total variability. The main differences in results were the standard errors (and hence the confidence intervals). These were inflated by 20-35%. This reflected the intracluster correlations of 0.31 and 0.36 for pesticides and weedkillers, respectively.
These results emphasise the advantage of using random effects models to analyse longitudinal data.
Discussion
Main Conclusions
This is the first longitudinal analysis of pesticide and weedkiller usage. Individual cross-sectional analyses of these data would have been likely to show inconsistent results due to the changing behaviour and the changing mix of families across time. Analysis of all the data overcame these problems and provides a more reliable view of the socio-demographic factors affecting usage.
This study also has the advantage of using a database on households at least 20 times larger than previous studies on demographic differences. The larger sample has allowed more detailed explanation of pesticide and weed-killer usage which previous studies lacked power to detect. Although some of the ORs are small, it should be remembered that families exhibit multifactorial characteristics. The combined or multiplicative effect of a number of small ORs can still be significant in a practical sense.
Many socio-demographic factors were associated with pesticide and weed-killer use. In these analyses, all the factors considered F housing tenure, financial difficulties, family income, ethnicity, age of mother, education, social class, absence of a partner and smoking F were related individually to usage. Perhaps more surprising is that most of them were exerting an independent effect despite their correlations. Only financial difficulties, smoking (maternal and partner), maternal social class and absence of a partner were not independently associated. Housing appeared to be the most important single indicator of usage with homeowners having the highest usage. Families from other groups of housing tenure had similar usage. The age of the mother seemed to be an important factor especially for pesticides with families of older mothers having the highest usage. Other factors had less of an effect with non-manual social classes, those with higher incomes, the better educated and Caucasians having the higher usage. Our results suggest that any single factor is unlikely to provide an adequate description of usage and a multifactorial assessment is needed to identify high usage families.
Some differences were found between the final models for pesticide and weed-killer usage. Income had no independent effect on pesticide use while ethnicity seemed to have little or no additional effect on weed-killer use although, in this latter case, the low numbers for ethnic minorities may have hampered detection of a small effect. These differences may reflect different attitudes towards those chemical products primarily intended for indoor compared to garden use.
Manual social classes through their association with manufacturing and agricultural activities and smokers through this personal activity might be expected to have greater contact with chemicals. Through this familiarity, increased usage of pesticides might be hypothesised. However, these factors were either unrelated to usage or decreased usage. The effect of social class was to operate in a positive direction with socio-economic status but the precise interpretation of its independent effect over and above other related variables is unclear. One plausible explanation is that each demographic variable imperfectly measures socioeconomic status allowing several variables combined to better describe this latent variable.
The role of income compared to financial difficulties may reflect subtle differences in these variables. The former may better reflect the affluent end of the spectrum while the latter is a better indicator of hardship. If correct, it is affluence which governs usage. Its effect primarily on weed-killer use may suggest these types of products are more price sensitive.
These findings are consistent with the only other UK study which in general terms found those of higher socio-economic status were weakly associated with greater use of pesticides (Grey, 2003) . Although one study in the USA reported no consistent trends, the urinary metabolite levels tended to be higher for homeowners, Caucasians and those educated to at least High School (Berkowitz et al., 2003) . Although inconsistent with their questionnaire data, these results are consistent with our findings. This present study also supports the findings particularly on lawn-care use where housing, income and education were important factors (Robbins et al., 2001; Robbins and Sharp, 2003) .
Maternal and partner factors were both important. This result suggests that usage reported by the mothers may reflect either the influences of the partner on her individual usage or total family usage including that of the partner.
The lack of partner status effects partially reflected the choice of assumed categories for the partner factors in the absence of a partner. Those chosen in these analyses coincided with the lowest usage. From these results, it might be concluded that the partners with reference category characteristics are non-users or that single mothers have increased their usage to a limited extent (for instance, because of less time to deal with the problems) to about the same as this subgroup with partners.
Mothers have been found to be the main sole users of pesticides and weed-killers in 75% of families for home use and 55% for garden use (Grey, 2003) . In these analyses, similar effects were observed with maternal factors having the much larger influence compared to partner factors for pesticide use. By contrast for weed-killer use, there was a much more equal contribution from both set of factors.
It was interesting to note that reported use within the ALSPAC study was considerably lower than found in other studies. This may be attributable in part to the pesticide specific nature of other studies with more detailed questions on usage. However, some of the differences may be a reflection of responses in this study relating mainly to the last few months or recall bias where responses related to the last year with those completing questionnaires in the winter particularly underestimating their true usage.
Limitations of the Analyses
It was assumed that the only factor affecting the choice to use chemical products was the attitudes and perceptions of risk towards these products. An alternative incentive is the perceived need to use these products. The ALSPAC questionnaires did not enquire about the reasons for using pesticides and weed-killers but one might speculate that nonhomeowners might tend to live in poorer accommodation which might require greater usage to treat infestation (Whyatt et al., 2002) . In fact the opposite was found F these families used less. Whether this reflected the use of non-chemical alternatives, greater tolerance of the problems or the lack of any association in these data between housing groups and disrepair in our study compared to the inner city sample of the Whyatt study are unanswered questions.
Some effects may have alternative explanations. The effect of education may reflect a greater knowledge and awareness of pesticides products leading to higher reported usage rather than actual usage. This explanation is less relevant to weedkillers. Indeed, while in one study of 147 families, using the same two questions as ALSPAC, only 12% (11 out of 94) of reported non-users were true non-users overall (Grey, 2003) , for weed-killers the equivalent value was 79% (104 out of 132) reflecting the greater certainty and familiarity with weed-killers. The strong housing effect may in part reflect non-homeowners passing the responsibility for treating problems to the property owners leading to lower family usage. Some studies have investigated other factors such as pride in the home or neighbourhood, attitudes to nonchemical alternatives and risk assessment of the perceived benefits and hazards of pesticides (Grieshop and Stiles, 1989; Grieshop et al., 1992; Grey, 2003; Robbins and Sharp, 2003) . These factors may describe usage better than sociodemographic factors but they are beyond the scope of this study.
The lack of independent effects for financial difficulties, maternal social class and smoking may not necessarily imply that these factors have no effect. Owing to the observational nature of the data rather than as the result of some experimental design, unwanted correlations between the factors were created making it more difficult to tease out the independent effects. However, these results, which tended to show the same factors as being important in both full and reduced models and because the ORs for omitted factors were close to 1 in the full model, may make these concerns less valid.
This study was unable to investigate differences in usage by gender or between specific ethnic minorities as has been reported in other studies (Grieshop et al., 1992; Whyatt et al., 2002) . The relative importance of maternal and partner factors may allow some tenuous inferences about gender differences. However, such comparisons did not support the higher garden usage by males.
The usage data from self-completed questionnaires may be unrepresentative of true exposures. Studies in the USA have reported conflicting results on the association between questionnaire data and objective measures (Adgate et al., 2001; Lu et al., 2001; Berkowitz et al., 2003; Sexton et al., 2003; Colt et al., 2004) . In addition, reporting bias may underestimate true exposures reflecting certain product types which are less readily perceived as pesticides, for example lice shampoos and flea collars (Grey, 2003) . Despite these problems, there are reasons to believe these data reflected differences in the number of chemical products used and the frequency of their use (Grey, 2003) . More reliable usage data, perhaps from interviews, more detailed questionnaires or measurements of pesticide metabolites, may show different results. However, more likely, more accurate exposure data would just strengthen the associations found in these analyses (Daniels et al., 1997; Armstrong, 2003 ). An alternative approach may be to model the errors in the exposure information. The results of this study may be useful for such an approach.
The use of partner status to identify changes of partner is only approximate. New partners may not always be different but a return to previous relationships. Conversely, breakdown and the formation of new relationships may occur between questionnaires hence underestimating the true number of changes. However, this issue may be an unnecessary complication if alternative partners are similar in their demographics.
These analyses have left the role of maternal age for weedkiller use unclear. While the estimates have large standard errors perhaps as a result of the analytical procedures and the nature of these data, and while questions of sample attrition and cohort effects exist, it is uncertain whether a monotonic trend for age is appropriate or not.
This lack of precision for the age effect may have repercussions for the comparison of maternal and partner factors and may have underestimated the effect of maternal factors for weed-killer use. However, when a linear trend was used in an attempt to overcome this limitation, the conclusions did not change. On the other hand, there may be other important factors not available or not included in the analyses, for example the age of the partner, which may have underestimated the role of partner factors.
Further Analyses on Health Consequences
Health inequalities often reflect a socio-economic gradient with the disadvantaged experiencing poorer health across a wide range of outcomes (Drever and Whitehead, 1997) . In assessing the effect of pesticides and weed-killers on such outcomes, crude associations may reflect confounding with these social factors rather than any true effect. This study has shown that factors associated with health such as housing, income, education and social class are likely to be important to exposure. By adjusting for these factors a clearer picture of the role of pesticides and weed-killers over and above that of confounding factors will be obtained. One might speculate that since the gradients for exposure and health appear to operate in opposite directions, any crude association will be strengthen by adjustment.
ALSPAC has data on a range of health outcomes which have been previously linked with pesticide use. These include behavioural problems such as ADHD, IQ and birth outcomes. Future analyses may explore these associations.
Unlike ad hoc studies, ALSPAC has stored biological samples which can allow more objective assessment of historical exposures to pesticides. However, it is important to add that, although such measures may give a more reliable indication of total exposure, they may be less useful in disentangling the effects of domestic usage from dietary and other sources of pesticides depending on the relative importance of these sources. Consequently, future analyses may utilise either source of exposure information.
Policy Implications
The potential risks from misuse or accidental exposure to pesticides and weed-killers, like any hazardous chemical product, can be serious even in the short term as incidences of acute poisoning show (Hurst et al., 1991; Muldoon and Hodgson, 1992; Thompson et al., 1994) . Issues such as product labelling and advice on storage or disposal of unwanted products need to be considered. In all, 42% of families reported product labels did not provide sufficient information; the kitchen was the most common storage place and 95% of families disposed of products in the normal rubbish (Grey et al., 2005) . No clear associations were observed with socio-demographic variables suggesting these findings related to high and low users alike.
Further education and advice is needed to address these issues especially to the high users since they may be at greater risk of misuse and accidental exposure and may produce a greater contamination burden to landfill sites. This paper goes someway in providing this information. However, an alternative strategy adopted by some authorities is to discourage the use of pesticides and weed-killers in the home and garden (UK PSD, 2004; US EPA, 2004) . These results will be helpful in targeting the main users if further reductions in pesticide use seem appropriate.
